Erythrocytes and erythrocyte membranes obtained from carotenemic (serum carotene >4.0 mg/liter) and noncarotenemic individuals contain a small amount of carotenoid pigments. The principal pigment isolated from erythrocytes and erythrocyte membranes from carotenemic individuals cochromatographed with, and has an absorption spectrum similar to, authentic beta-carotene. Traces of beta-carotene were also found in the extracts of the erythrocytes and membranes obtained from the noncarotenemic individuals. These pigments were demonstrable only when the erythrocytes were extracted in the presence of an anti-oxidant (pyrogallol).
Presence of Carotenoids in the Erythrocyte Membranes of Carotenemic and Noncarotenemic Individuals Micheline M. Mathews-Roth
Erythrocytes and erythrocyte membranes obtained from carotenemic (serum carotene >4.0 mg/liter) and noncarotenemic individuals contain a small amount of carotenoid pigments. The principal pigment isolated from erythrocytes and erythrocyte membranes from carotenemic individuals cochromatographed with, and has an absorption spectrum similar to, authentic beta-carotene. Traces of beta-carotene were also found in the extracts of the erythrocytes and membranes obtained from the noncarotenemic individuals. These pigments were demonstrable only when the erythrocytes were extracted in the presence of an anti-oxidant (pyrogallol).
Anti-oxidants should be used in the extraction and saponification process when only small samples are available or when only small amounts of carotenoid pigments are present in the material to be extracted. 
Materials and Methods

Erthrocytes
were obtained from patients with erythropoietic protoporphyria, who were being treated with high doses of beta-carotene for relief of their photosensitivity (5), and from normal non-carotenemic subjects (patients seen in the renal-prenatal clinic, Boston City Hospital, and one-day outdated packed erythrocytes obtained from the Boston City Hospital blood bank).
Erythrocyte membranes (ghosts) were prepared by either of two methods. In the first, the method of Nilsson (2) was used to prepare the ghosts, which were then suspended in methanol and homogenized in a Ten Brook homogenizer. For carotenoid extraction, the methanol suspension of ghosts was treated as previously described (3). Ghosts were also prepared and extracted by this method, but with the modification that the erythrocytes were lysed and extracted and saponified in the presence of 2% pyrogalbol.
In the second method, ghosts were prepared by the method of Dodge et al. (6) , except that the erythrocytes were lysed and the ghosts washed in the presence of pyrogalbol (10 g/liter). The ghosts were then extracted either as above For the extraction of whole erythrocytes, the method of Kayden et al. (4) was used and their extraction procedure followed, except that diethyl ether was used instead of hexane to extract the pigments from the ethanol-pyrogallol-KOH mixture. As above (3), the ether layer was washed free of alkali, evaporated under reduced pressure, resuspended in absolute ethanol, and the absorption spectrum of the suspension was determined.
The ethanol extracts of the various preparations of whole erythrocytes and ghosts were chromatographed on East- Roche) that the carotenemic individuals were taking, was used as a standard. The separated pigments were cut out and eluted with absolute ethanol.
All absorption spectra were taken in a Cary Model 14 recording spectrophotometer.
All solvents were reagent grade (Fisher), and were used without further purification.
Results and Discussion
When erythrocyte ghosts were prepared by the method of Nilsson (2) without the addition of pyrogalbol and analyzed for the presence of carotenoids, no absorption maxima characteristic of carotenoid pigments could be found, even after chromatographic separation of the extract. However, if whole erythrocytes or erythrocyte ghosts from either carotenemic or noncarotenernic individuals were extracted in the presence of pyrogallol, small amounts of carotenoid pigments could be detected.
The various pigments in these extracts were separated by thin-bayer chromatography, with synthetic beta-carotene as a standard. The principal band observed in the extracts from either unlysed erythrocytes or erythrocyte ghosts obtained from carotenemic individuals migrated with an RF identical to that of the beta-carotene standard (Figure 1 ). In addition, faint traces of more tightly adsorbed pigments were seen in the extracts of ghosts and unlysed erythrocytes from both the carotenemic and noncarotenemic individuals.
The extracts from unlysed cells and ghosts obtained from the latter individuals also contained beta-carotene, but in lesser quantities (Figure 1 ). Figure 2 shows the absorption spectrum of the band (which migrated with an R F similar to that of the beta-carotene standard) eluted from the chromatograms of the extracts of ghosts and unlysed erythrocytes obtained from carotenemic individuals.
It is typical of beta-carotene, as can be seen by comparing it with the spectrum of the synthetic beta-carotene used as the standard. The absorption spectra of the bands migrating with the beta-carotene standard eluted from the chromatograms of the extracts of ghosts and unlysed erythrocytes from the noncarotenemic individuals was also that of beta-carotene.
Are the small amounts of pigments found actual components of the erythrocyte membrane, or do they represent pigments from adsorbed serum lipoproteins?
To determine whether such adsorption might be contributing significantly, I washed whole erythrocytes as many as 10 times in the isotonic phosphate buffer (pH 7.4) of Dodge et al. (6) , and then determined their carotenoid content. No significant amount of carotenoid (less than 15%) was removed, which suggests that the carotenoid is either an integral part of, or very firmly bound to, the erythrocyte membrane.
Evidently the failure of earlier attempts to demonstrate the presence of carotenoids in human erythrocytes was not because they were absent, but because the pigments were rapidly oxidized during the extraction process. Thus it may be that, in the case of certain biological materials, it is possible to overlook the presence of small amounts of carotenoids, unless special precautions are taken against oxidation. It is well known that carotenoids are sensitive to oxidation (7) , and this sensitivity could become critical when there is a small amount of pigment present. Thus I would recommend that biological material be extracted in the presence of anti-oxidants before it is concluded that carotenoid pigments are absent. This work was supported by research grant AM 14545 from the NIAMD, NIH, USPHS.
